Due to interaction with the quantized electromagnetic field, any current carrier involved in some scattering process may emit low frequency photons. This photon emission carries negligible energy but modulates the current nevertheless, resulting in 1// and 1/J/ noise.
In electronics, electrical engineering, and telecommunications 1/f noise is well known experimentally as the general form of low frequency electrical fluctuations, but no satisfactory and sufficiently general interpretation of this phenomenon has been given so far.
Consider first the wave function ^ of a beam of charged particles, e. g. electrons, which have been scattered by an arbitrary potential. This wave function \p can be written in terms of the corresponding scattering matrix elements for elastic scattering and for scattering with bremsstrahlung. Including the infrared radiative corrections 1 in the coherent states representation 2 and using the propagator formalism, we construct the wave function in the form (ft = c = 1)
where the coefficients of the elastic part (a) and of the bremsstrahlung part (b£) satisfy the relation be/a=(aAy>(e/eo) aA,2 = Qs'
The appropriate phase factor has been omitted in Eq. (2) and is included in the definition of a* as a normed superposition of photon creation oper-
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In Eq.
(1) £ represents the radiative energy loss of the electron, £0 is the detection threshold, i. e. the lowest frequency of the 1/f noise measurement, and is the highest possible energy loss, which is the energy of the incoming electrons E. However, Eq.
(1) with Eq. (3) is exact only for values of £ ^ E which are low enough, so that the small momentum variation caused by the energy loss £ is negligible and the prime can be droped in Equation (1). Note that p' -p is not the momentum change in the basic scattering process which induces soft photon emission, but rather the small fluctuation of this momentum transfer due to the energy difference £ introduced by the emission. Writing r-p = £r/v = eAt, we have to limit ourselves to frequencies £ lower than the reciprocal flight time of the electrons through the measuring area. For higher frequencies Eq. (3) has to be modified, but these higher frequencies do not yield significant contributions due to the energy denominators.
In Eq. (2) a is the fine structure constant 137 -1 and a A is the coefficient of In (e/E) in the expression of the infrared exponent 3 for small 4 -momentum transfers (| q 2 | m 2 ) :
The last form is a nonrelativistic approximation the scattering angle in the basic scattering process.
The current corresponding to Eq. (1) is The vacuum expectation value of this current is fined up to order Q 2 as proportional to the cross section 1 , as required for i (dj + (t) dj(t + r)) consistency:
where c. c. is the complex conjugate and dj =j -(j) The corresponding autocorrelation function is deis the current fluctuation. If we apply the Wiener-Khintchine theorem and restore the units, we obtain the spectral density of current noise (e = h j)
The maximal value of a A allowed by Eq. (2) is 8 a/3 n 161 -1 which corresponds to the reflection of a normally incident ultrarelativistic beam of charged particles of arbitrary nature in vacuum. In this case the 1// noise coefficient a A exceeds the experimental 4 value of 10 -3 obtained by Hooge from various measurements by a factor of 6.2. The factor (ffo/fi 2 ) aA i s close to unity for practical measurements. In the case of alternating current of frequency coj (2 ti) pure states of the form
• (e ~i st a* + e~i et a£)
with co0 = E1 -E2 are considered instead of Eq.
(1), with the phase factor e 17^ retained explicity in Equation (2). Calculating the current in the same way and performing a time average which is denoted by a bar, we obtain the spectral density in the upper sideband. This is 1/Af noise.
